Five novel bisabolane sesquiterpenes possessing a tetrahydrofuran ring or a hydroperoxy group were isolated from Rosa rugosa leaves and their structures elucidated by chemical and spectroscopic methods. These highly oxidized sesquiterpenes were structurally related to bisaborosaol A which is the major bisabolanoid o f the plant.
Introduction
Sesquiterpenes have rarely been found as co n stituents o f R osaceae plants [1] . H ow ever, Rosa ru gosa T hunb. uniquely contains bisab o lan o id s and carotano id s in the leaves as its m ajo r com p o n en ts [2 -4 ] , B isaborosaol A (6), the p red o m in an t bis abolanoid o f R. rugosa [4] , has an unm odified isoprene unit on the side chain w hich is possibly oxi dized to yield various m etabolites as F lask am p e t al. (1981) have reported referring to a-bisabolol whose derivatives possessed an oxygenated side chain [5, 6] , A fu rth er survey o f m ore p o lar sesqui terpenes revealed the presence o f two tetrah y d rofurano (1 and 2) an d three exoperoxy (3 -5) deriv atives o f bisaborosaol A (6) (Fig. 1) . In this paper, we describe the isolation and stru ctu ral elucidation o f these new and highly oxygenated b isabolanoids from R. rugosa. T he biological im plication o f these com pounds in the tissues is briefly discussed.
Results and Discussion
In a fu rth er survey o f the co n stitu en ts o f leaf ex tractives, o u r interest was a t first focused upon two substances 1 an d 2 w hich gave a yellow pig m ent on thin layer plates w ith v a n illin -H 2S 0 4 test (R { 0.38 and 0.30 in h e x a n e -E tO A c 3:1, respec tively). By colum n c h ro m ato g rap h y over S i 0 2 gel [4] , 1 and 2 were eluted w ith 25% EtO A c/hexane. W ith the guidance o f the co lo ratio n w ith v a n illin -H 2S 0 4 reagent, each co m p o u n d was isolated and fu rth er purified by PT L C successively in h e x a n eEtO Ac 3:1 and C H C l3-M e O H 50:2 to give a colReprint requests to Y. Hashidoko.
Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0939-5075/91/0500-0357 $01.30/0 orless syrup ( 1 ; 160 mg, and 2 ; 120 mg from 6 kg o f R. rugosa leaves). Both show ed M + 282 in FI-M S and sim ilar 'H N M R spectra to th a t o f 6, suggest ing th at the isolates are diastereoisom ers closely related to 6. Two 3 H singlets in 1 at 8H 1.221 and 1.074 were assignable to C -l3 and C -l4 m ethyl groups, not on an olefinic b ut on an oxygenated aliphatic carbon. F urtherm ore, the detection o f m ethine protons (öH 3.415 in 1 and 3.553 in 2) a t tributable to the oxygenated C -l2 suggested the structural m odification from 6 into a cyclic ether on the side chain.
W hen 6 was treated with m -CPBA , two p ro d ucts identical with 1 and 2 were afforded in alm ost equivalent am ount. The l3C N M R spectra dis counted the corresponding epoxy structures be cause o f the chemical shift values o f the oxygenat ed carbon at 8C 86.4 (CH -12), 84.6 (C -8) and 70.1 ( C -l3), for exam ple in 1, whose values were too low to be assigned to epoxy carbons. Since a cyclization between epoxy and y-hydroxyl groups to give a tetrah y d ro fu ran ring is know n to occur im m ediately on epoxidation o f a-bisabolol [5] , it was considered th at a sim ilar cyclization occurred on 6 in the reaction.
It is possible for 6 to undergo an oxidative co n version into two kinds o f cyclic ethers as shown in Scheme 1, 1 and 2 m ay have two possible struc tures either as tetrah y d ro fu ran or dihydropyran derivatives. O n the basis o f FI-M S fragm ents m/z 59 and m/z 223 (M +-5 9 ) (1, 100 and 50% ; 2, 69 and 59% , respectively) due to a 1-hydroxy-1-m ethylethyl side chain, a te tra h y d ro fu ran p art structure for 1 and 2 was suggested. T o prove the proposed structure, 1 was dehydrated w ith PO C l3 to yield 1 a [7] , whose exom ethylene group was de tected by the 'H N M R [8] , C onsequently, 1 and were elucidated to be diastereoisom ers having a tetrah y d ro fu ran p a rt structure. N O E betw een the C-10 m ethyl p ro to n s and the C-12 m ethine p ro to n was observed only in 2, while 1 exhibited an N O E betw een C-10 m ethyl and C -1 3 -O H p ro to n s. T his result gave a conclusion th a t 1 and 2 were trans and cis isom ers regarding the sub stitu tio n on the tetra h y d ro fu ran ring, re spectively (Fig. 1) . A s the te tra h y d ro fu ran deriva tives obtained from 6 (4 /?:8 5 ) were agreeable with those o f the n a tu ra l co m pounds in th eir optical ro tation, stereostru ctu res o f 1 an d 2 were solved as , an exchangeable hydroperoxy p ro to n (SH 7.550, s) [11, 12] and an allylic methyl p roton (8H 1.646, br. s) were d etect ed. The H H -C O SY spectrum clearly revealed the presence o f the 1,4-disubstituted cyclohexene p a rt structure com m on to th at o f 6 and the side chain
13C N M R analyses o f the co m pound eventually confirm ed the structure o f 3. Two oxygenated sp3 carbons at 8C 89.5 (C H ) and 73.1 (C) were assigna ble to the hydroperoxidated C-12 and the hydroxylated C -8, respectively. The com paratively low er chemical shift (8C 89.5) was reasonable for the hy droperoxidated C-12 carbon. In addition, carb o n s o f the side chain were approxim ately agreeable in their chemical shift values w ith those o f isoam inobisabolenol found in a sponge, Theonella sp. by K itagaw a et al. [13] .
The second peroxide 4 (0.9 mg) show ed alm ost the same mass fragm entation p atte rn as th a t o f 3 in FI-and EI-M S. H ow ever, the p ro to n chem i cal shifts assignable to C -9 -H 2, C -11-H -, and C -1 2 -O O H were slightly but clearly different from those o f 3. As the 13C N M R spectrum was al m ost indistinguishable from th a t o f 3, 4 was easily characterized to be an epim er o f 3 a t C -12.
These novel bisabolane peroxides were nam ed bisaborosaol C 1 and bisaborosaol C 2, respective ly. A lthough the stereostructures o f 3 and 4 re m ained unsolved, their absolute configurations at C-12 will be determ ined by the benzoate chirality m ethod applicable to the com pounds after reduc tion [14] . In the 13C N M R spectrum , the carb o n chemical shifts for the side chain o f 5 show ed a good co rre spondence w ith those o f a bisabolane alkaloid, am inobisabolenol from the sponge [13] . The de shielded C -l 3 carb o n o f 5 (5C 81.5) reasonably in dicated h y d ro p ero x id atio n at th a t position. This novel bisabolane exoperoxide was nam ed bisaboro sa o lD .
B [15] . F o rm a tio n o f the bisabolane peroxides seems to be sim ilar to the p h o to p ero x id atio n reaction due to the fact th a t only trans form (5) was o b tained. H ow ever, they are possibly n o t artifacts but m etabolites o f R. rugosa because the peroxides are found in the fresh leaves. These com pounds m ay reflect a highly oxidative cond itio n o f some p a rt o f the leaf tissues.
A ntifungal activities o f 1, 2 and 6 were exam ined by T L C -b io au to g rap h y using Cladosporium herbarum as a test fungus. A lthough those com pou n d s show ed a relatively w eak antifungal activi ty (com plete inhibition o f the fungal grow th a t an adm inistered ratio o f 50 jxg/78 m m 2 SiO , gel thinlayer T L C plate and slight re ta rd a tio n at 12.5 jag), it is h ard to regard those as significant defense com p o u n d s o f R. rugosa leaves since to tal an tifu n gal activity o f the b isabolanoids is ca. 10 times low er th an th a t o f rugosal A found as the m ajor sesquiterpene o f the p lan t [2] , C o m p o u n d s 2 and 3, exhibiting som e increase in their con cen tratio n in the w ounded tissues, are p ro b ab ly m eaningless as far as the defensive m echanism concerned; how ever, it should be noted th a t the w ounded tissues are under m ore oxidative conditions than the intact ones.
Experim ental
General 'H and i3C N M R were recorded by JE O L JX -270 and a B ruker A M -500, and coupling con stan ts were given in Hz. UV spectra and optical ro tatio n s were m easured by H itachi M odel ESP-3 T and JA SC O M odel 285, respectively, for M eO H solutions. M erck silica gel 60 F 254nm precoated on glass or alum inum sheet w as used for analytical or preparative T L C (PT L C ). R f values referred to spots quenching u nder U V 254 light or giving co lo r ation with v a n illin -H 2S 0 4 spray reagent. N ,N -D im ethyl-/?-phenylenediam ine sulfate reagent was used for peroxide detection [9] ,
M aterials and isolation o f the constituents
The leaf extracts w ere prepared an d colum nch ro m atographed as previously described [4] , C om pounds 1 and 2 contained in the fractions FFr-3 and F F r-4 w ere isolated by PT L C . On the o ther hand, fresh leaves (uninjured, 6.0 kg col lected in early July) w ere directly extracted w ith 95% M eO H (ca. 50 1). T he m ethanol ex tract was once defatted w ith n-hexane and then the solvent was rem oved to o b ta in ca. 1 1 o f a w ater suspen sion. The suspension satu rated w ith N aC l was mixed w ith 1.5 1 o f acetone, and kept stirring over night. The p artitio n ed acetone layer was concen trated and the resulting extracts were diluted into 1.5 1 o f EtO A c. T he E tO A c solution was once washed w ith an equivalent volum e o f satu rated N aC l solution, and then the solvent rem oved. The residue was again dissolved in 800 ml o f benzene. The solution successively w ashed w ith 5% N a H C O , (700 ml) w as dried over N a 2S 0 4 and concentrated. The co n cen trate (ca. 48 g o f dark oil) was applied to silica gel colum n c h ro m a to g ra phy (W ako-gel C-200, 750 ml vol.) and eluted with 2 1 o f 20% E tO A c/hexane. The eluates (12.8 g) were re-ch ro m ato g rap h ed on 250 ml o f silica gel colum n to w ash w ith 30% E t20 /h e x a n e (900 ml), and finally eluted w ith 50% E t20 /h e x a n e to obtain F r2-1, F r2 -2 and F r2 -3 (50% E tO A c/hexane). F r2-2 and F r2-3 were subjected to P T L C to iso late 3 ,4 an d 5. 
Physicochemical properties o f isolated compounds

12-OOH
-
Chemical conversion o f isolated compounds
Oxidation o f 6 with m -CPBA C om pound 6 (11.5 mg) [4] and m-CPBA (10.0 mg) were dissolved in ice-cold CHC13 (2 ml), and the mixture was stirred for 1 h. At which point, EtOAc (25 ml) was added to the reaction mixture, and then the mixture washed with 5% N a2C 0 3 solution (25 ml x 2). From the organic layer, two m ajor products agreeable with 1 and 2 on TLC (R f values and response to vanillin-H 2S 0 4 reagent) were isolated by PTLC. 
Dehydration o f 1
To prove the 1 -hydroxy-1 -methylethyl-substituted part structure in 1 and 2, com pound 1 was dehydrated [7] . In pyridine (1 ml), 1 (12.7 mg) was dissolved, and then POCl3 (60 jil) was added to the solution at 0 °C. The mixture was kept at -2 0 °C for 24 h and left at room tem perature for 1 h. The mixture was then poured an ice water (5 ml) and extracted with Et20 (3 ml). The product less polar than the starting m aterial was isolated by PTLC in hexane-E tO A c 10:1 to give a colorless syrup 
TLC bioautography
On TLC plates Kieselgel 60 F254, 0.25 mm thick ness), 15 |il of bisaborosaol A (6) dissolved in ace tone in several concentrations was charged to a test zone (78 mm2). The plate dried in a dessicator in vacuo was sprayed with a spore suspension of Cla-dosporium herbarum, and left under a moist condi tion at 25 °C for 3 days. As a reference, rugosal A was also tested, and this antifungal sesquiterpene showed a clear inhibition at 2 |ig/78 m m 2. Bisaborosaols B 1 and B 2 also showed about the same ac tivity as 6.
